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ARSTRACT

Long ruh money demand functions for Ml and M} are tested by means of the
cointegration methodology developed by Johansen (1988). The results
suppart the existence of an economically meaningful cointegrating vector
for both measures of monetary aggregates. The rejection of a unit price
elagticity of money demand suggests Ehat money is= not neutral in Greece.
Tha significance of interest rate elasticity of M3 implies that the
aggregate is subject to control through policy-induced interest rate
movementa and fhus can serve as & ugeful monekbary targat.
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I. INTRODUCTION

The specification and stability of the money demand
equation has been extensively investigated over the last
decade for a number of countries (Laider,1%8D, Brissimis
and Levendakis, 1281, Den Butter and Fase, 1981, Artis and
Lewis, 1984, Roley, 1985, Swamy and Tavlas,1989). A
substantial amount of the research effort devoted to
analysing theoretical money demand specifications has
concentrated on the role of meney acting as a buffer
stock asset which absorbs unforeseen monetary shocks
disturbing the balance between receipts and payments
{Carr and Darby, 1981, Cuthbertson and Taylor,1984,
Cuthbertson, 1988, Muscatelli,1988). On the other hand,
the error corraction (EC) model has become a very popular
empirical specification for dynamic money demand
equations (Hendry,l1%7%, Gondon, 1984).

The structural stability of money demand is a key
ingredient in formulating a monetary policy based on
intermediate targets. TUnless the money demand is
structurally stable, any attempt to disinflate fthe
economy through monetary control will not be successful,
since different inflation rates will be consistent with a
given money stock.

For a monetary aggregate to be useful as an
intermediate target, there should exist some sort of
equilibrium relationship between it and ather
macroeconomic wvariables, such as prices, output and

interest rates. An implication of this 1long run
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relationship 1is that shocks te money are reflected on
prices, output and interest rates in a similar way.

Since the mid-1970s the Greek monetary authorities
have attempted to disinflate the economy by relying on
intermediate targets for wvarious financial aggregakes
{see Karfakis, 1988).

Whar the present paper addresses 1s to test whether
the existence c¢f a money market equilibrium for the
narrow (M1) and broad (M3) measures of monetary
aggregates, 1is consistent with the time series analysis
of the Greek data by means of cointegration tests
developed by Johansen (1988). If the hypothesis of a
noncointegrating money market vector it is not rejected,
then the analysis will use both EC and Phillips-Hansen
(1990} methodologies to test the statistical significance

of the long run multipliers.

IT. UNIT ROOT TESTS, COINTEGRATION AND MODELLING OF

LONG RON MONEY DEMAND

It is an empirical fact that many macroeconomic time
series are characterised by nonstaticnarities, implying
that the classical t-test and F-test are inappropriate
because the limiting distribution of the asymptotic
variance of the parameter estimates is not finitely
defined (Fuller, 1985). Appropriate tests have been
developed by Fuller (1876), Dickey and Fuller {(1981) ta

test whether a nondeterministic series it is integrated
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of order one t(henceforth I(1)) against the alternative of
zera order integration ({(I(0)). The technique is to

estimate the regression

AX =aX, ,+b+e, {H

ﬁith e~IM(0,6%,), and then test the hypothesis Hy:a=0 by
comparing the calculated t-ratio of & with the reported
percentiles in Fuller (1976, p.373). This is known as the
Dickey-Fuller (henceforth DF) test. If however, & is not
approximately white nolse, Dickey and Fuller (1981) have
suggested to enlarge model (1) by adding in a lag
polynomial in AX, as a means of removing serial
correiation.! The reported percentiles in Fuller {1976)
can also be used for the t-ratio of & in the augmented
regressiocn (ADF test). Recently, Phillips (1987), Ferron
(1988), and Phillips and Perron (1988) -henceforth PP-
proposed nonparametric tests which allow for weakly
dependent and heterogenous disturbances.

The long run linkage between a number of series can
be looked at from the viewpoint of cointegration (Engle
and Granger, 1987). Let x. be a vector of n-component time
series each integrated of the same order k. Then = is
said to be cointegrated of order k,p, if there exists a

vector A such that:

w=A'x, (2)



is I{k-p), p>0. w, being T(0) implies that the n variables
of % do not drift away from one another aver the long
run, obeying thus an eguilibrium relationship. If &
exists, it will not be unique as there can be several
equilibrium relationships 1linking n>2 variables. Engle
and Granger {(1987) have suggested a testing procedure for
cointegration in the case where n=2. Recent advances in
cointegration theory (Johansen, 1988, Johansen and
Juselius,1%9%0) have developed tests regarding both the
number of cointegrating wvectors and hypotheses with
respect to the elements of these vectors. The procedure
is based on regressing the n-element vectors Ax, and x_
on a constant and Ax.,, i=1,...,9-1, and obtaining the
associated n-element residual vectors Roe and Ry . The test
statistic for the number of colintegrating vectors is
c¢btained by solving the eigenvalue problem
AS., ~ SqoSon " Sogl = 0
T
where 5,,=T7'IR|,Ry,. i,3=0,q
t=1
and T denctes the number of obserbations.?
The likelihoed ratio (LR} statistic

-21ng=-T ¥ In(1-& ) (3)
1

=r+l

is a test that there are at most r ceintegrating wvectors
versus the general alternative {trace), whera Ay
corresponds té the p-r smaller eigenvalues. The nxr

matrix of cointegrating vectors @ can be obtained as the
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r n-element eigenvectors corresponding to Xis
The LR statlstic for testing that there are r versus
r+l <cointegrating vectors 1s based on the maximum

eigenvalue and given by:

-21n(Q:rir+1)=-Tin(1-4,,,) (1)

The LR statistics (2} and (3) based on the trace and
the maximal eigenvalue respectively, have nonstandard
distributions. Johansen (1588}, and Johansen and Juselius
(1990) have derived appropriate critical values. Tests of
nypotheses regarding individual elements of the
eigenvectors are also developed in Johansen and Juselius
(1990) . The LR test statistic for the hypothesls H,:D=HS,
where B is a nxs matrix of known restrictions and ® is an
sxr matrix of parameters which incorporates the

restrictions on the individual values of the

eigenvectors, is given by:

—21nQ=T153((1—I§)/(1—11)) (5)
wl

where A," corresponds to the r largest eigenvalues of the
matrix H SgSp 'Syl Wwith respect to H'S H. The asymptotic
distribution of this statistic is ¥* with r(n-s) degrees
of freedom.

The first specification af the Ileg-linear money

demand equation tested for ceintegration is given by:



mc:“u*ﬂoch'Tny:_aoRc*ch {6}

where o, is a constant, and m., p., y. denote the logs of
the nominal money balances, the price level and the real
income respectively. R, is the interest rate and Uge 18
the error term. Eguation (6) assumes that the long run
demand for nominal money balances depends positively on
the price and incone levels, and negatively on the rate
of return which proxies the opportunity cost of holding
money balances. Since R, (and the entire term structure)
has been regulated over the sample period, a good proxy
for the actual cost of holding money is difficult to be
found.’

An alternative form of the long run money demand
function, which includes the log of the effective
exchange rate of the Greek drachma (£,) as a regressor, is

also considered:

m=0+ B, Dty Y-8 R (e, (7

where all the variables are defined as above, and u,, is
the error term. Equation {7} assumes that‘a depreciation
of the effective rate (i.e., a fall in the rate) reduces
the demand for nominal money balancfes.

The money demand functions are specified in nominal
terms, since price homogeneity is to be tested as a long
run restriction. If it is not rejected, the empirical

analysis will be carried ocut for real money palances. An

-
additional restriction which 1is tested 1s that of real

income homogeneity.

III. EMPIRICAL RESULTS

Quarterly seasonally unadjusted data on M1l (currency
in circulation plus private sight deposits) and M3 (M1
plus private savings and time deposits) measures of
monetary aggregates, the gross domestic product (YY) at
constant 1970 price, the consumer price index (P}, the
three—-six month time deposit rate (R) and the effective
exchange rate of the Greek drachma (E) are used over the
period 1975.1-1988.3 during which a managed floating
regime has been adopted.?

with respect to the unit root test results, the DF
and PP statlistics reported in Table 1, indicate that the
generating mechanisms of the levels of all the series
concerned are well approximated by a random walk.®

Having established the  univariate time series
properties of all the variables, the following model is

fitted to the data:

AX =dy+d AX, o+, . ovdg AKX, o +d X, WDt (8)

where X=ml,m3,p,¥,R, &5 I 1s a 3xl vector of parameters
and D is a 3xl1 vector of seasonal dummies; ®,~IN(0,0%).
Table 2 reports the gselected lag length (g} for each
equation and the associated Q-statistics for testing the
presence of serial correlation. For g=2 {g=3), the

residuals in the equations associated with ml (m3) data
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pass the test for being uncorrelated. Since the parameter
estimates of model (8) are not of particular interest are
neot reported.

The two set of regressions which discussed in
section IT are then fitted to the data. Imitially, the
constant term is unrestricted and thus included among the
regressors. This implies that o, is excluded from model
(6) - The results of testing for the nunmber of
cointegrating vectors in model (6) are reported in the
first and third panels of Table 3. The LR test statistics
that there are zero cointegrating vectors reject the null
hypothesis against the 95% critical value for both ml and
m3. Morecver, the null hypothesis that there is at most
one ceintegrating wector is also rejected at the same
level of significance. The LR tests that there are at
most. two or three cointegrating vectors accept the
hypothesis that at least two but possibly three
cointegrating vectcors are present in the Greek money
demand dakta.

The LR test results of the maximum eigenvalue
reported in the first and third panels of Table 3 suggest
that there are two cointegrating vectors for both ml and
m3 data, although only the signs of the second vector
appeared to make economic sense.

The LR tests for the price and income homogeneity
restrictions reported in the first and third panels of
Table 5 indicate that both restrictions are rejected at

the 0.05 significance level, implying that the neutrality
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hypothesis of money is not a wvalid restriction on the
Greek data.®

Model (6} has been reestimated under the hypothesis
that the constant term is absent from the regressors.
This implies that o, is now appearing in model (6). The
obtained results which reported in the second and fourth
panels of Table (3), indlcate that the hypothesis that
there are two cointegrating vectors is accepted for both
ml and m3, although, as before, only the second vector
bore the correct signs. By normallzing on that vector, we

get:

mi=-3.84+D.84p+1.21y-0.02R (9

and,

m3=-2.44+1.21p+0.84y-0.01R (10)

The LR tests for both set of restrictions reported
in the second and fourth panels of Table (5), strongly
confirm those obtained before, suggesting that the money
is not neuytral in Greece.

Model (7) has then tested for cointegration and the
results are reported in Table (4). The LR calculated
statistics reported in the first and third panels of
Table (4} show that the hypothesis that more than two
caintegrating vectors are present is accepted at the 95%
confidence level for both ml and m3. However, there

seemed to be only one (two} vector whose signs made
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economic sense in the case of M1 (M3).

By imposing the restriction on the constant term,
the results which reported in the second and fourth
panels of the Table ({4) indicate that at least three but
possibly four colntegrating vectors are presenkt. However,
it was only one wvector whose signs bore economic sense in

either case:

mi=-1.4840.92p+1.99y-0.02R+0.23¢ {11}

and,

m3=-3_1B+1.66p+0.24y-0.06R+0.32e (12)

It is worth noting that the long run elasticity of
money demand with respect toe the exchange rate is less
than one for both ml and m3. Moreover, the tested
hypotheses of a unit coeoefficient on p and y have been
rejected at the 0.05 significance level in both cases.

Having established that the Greek money demand data
are ceonsistent with the existence of only ane
economically meaningful cointegrating wvector, then the
following EC meodel as suggested by Wickens and Breusch
(1988) is used to test the statiﬁtical significance of

the long run multipliers:

me=a+PBp +yy -OR,+(e t+ﬁf,Ax:—i+V: (13
1=1

where £ is a 5xl1 vector of parameters and x"={m p ¥y R E}

11

is a 1x5 vector of variables;v,—IN(0,¢’,). Slioce the money
demand wvariables are cointegrated, O0OLS will provide
consistent estimates of the long run parameters (Stock,
1987). To achieve full efficiency, it 1is necessary to
include lagged variables as well (Wickens and Bruesch,
1988) . The results are presented in Tables 7 and 8. On
inspection it is obserwved that: First, the interest rate
elasticity of the narrow money demand is not
statistically significant thus questioning the adoption
of M1 as & monetary target.

Second, the elasticity of the broad money demand
with respect +to the interest rate is statistically
significant at the 0.05 level, implying that the
aggregate is subject to control through policy-induced
interest rate movements, and thus serves as a useful
target for the conduct of the Greek monetary policy.

Third, the elasticies of ml and m3 with respect to €
are both statistically significant suggesting that
capital controls applied over the sample period were not
highly effectlive. Furthermore, monetary authorities by
operating on the exchange rate will affeét the demand for
money.

Fourth, the estimated long run parameters do nokt
appear much different from those obtained frem Johansen’s
approach, with the exception of the real income
elasticity of m3 which is now greater than one.

Finally, the tested price and income homogeneity

restrictions are rejected in all cases, with the
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exception of ml when model (7} used. In this case, the
price homogeneity restriction could not be rejected,
which is not consistent with the results obtained from
Johansen and Juselius (19%0) approach.

The diagnostic tests reject the presence of serial
carrelation, functional misspecification and
heteroscedasticity at the 0D.05 significance level.
Furthermore, the normality test suggests that the error
process presents a random sample from a normal
distribution.

In a recent paper, Phillips and Hansen (1%%0) have
argued that the instrumental wvariable estimatcr does not
eliminate the asymptctic bias, when there is endogeneity
in the regresscors of a cointegrating equation. Instead,
they have developed a fully-modified semi-parametric
approach, as an alternative to the EC methodology, which
corrects for the presence of endogeneity and serial
correlation.’ They have also developed a fully-modified
Wald statistic to test linear restrictions about the
coefficients in the cointegrating equation.

The Phillips-Hansen (1990} approach 1is now being
used to allow for the presence of endogeneity in the
money demand eguations. The results are reported in
Tables 9 and 10.% On inspection it is observed that the
results are similar to those obtained from the EC
methaodology with the exception of the real income
elasticity of money demand which is less than one. The

modified Wald tests have also rejected the joint price

33
and income homogeneity restrictions in all cases, with
the exception of ml when model (7) used. As before, the
unit price elasticity of the narrow money demand could

not be rejected.

IV. CONCLUSIONS

This paper has concentrated on the analysis of the
long run money demand functions for ML and M3 in Greece.
The evidence provided by means of Johansen’s (1988}
cointegration methodalogy, suggested that there exists an
economically meaningful cointegrating vector for the
money demand data. Moreover, the EC and Phillips-Hansen
(1990) approaches indicated that the narrow money demand
is interest inelastic. One implication of these findings
is that shocks which affect M3 (Ml) are reflected on
prices, output, interest rates and the exchange rate
{(prices, output, and the exchange rate) in a similar way,
implying that movements in M3 (M1) will be closely
associated with changes in P, Y, R and & (P, Y and €),
thus obeying an equilibrium constraint. The rejecticn of
the price level homogeneity restriction in most cases
suggests that money is not neutral in Greece. Moreover,
the statistical slgnificance of the interest rate
elasticity of the broad money demand implies that M3 can
serve as a useful intermediate monetary target for the
conduct of Greek monetary policy, since the aggregate is
subject to control through policy-induced interest rate

movemeants.
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NOTES

1. The distribution of the DF test is not however
invariant with respect to the presence of a nonzero mean
or a time trend (Dickey and Fuller, 1979). Dickey et al.,
{1986) recommended against the inclusicon of a time trend
into (1), since such an inclusion would make a randeom
walk model look stationary, with DF test having low
power.

2. The caiculation of the eigenvectors of 8,8y 'Sy, with
respect to S5, can be transformed into a standard
eigenvalue problem by using Choleski decomposition
84=CC", since the eigenvalues that solve [ A5~ Sq0Sn0 " Soql
also solve JAI-C'8580086C M 1=0.  Premultiplying the
eigenvectors of the standardized problem by C'™!, one can
obtain the original eigenvectors normalized such that
E'&WEcI. The calculations of the eigenvectors have been
performed using the computer package RATS 3.0, VAR
Econometrics, Inc/Deoan Assaciates.

3. When the inflation rate included in model (6) to proxy

the opportunity ceost, calculaticns were abandoned due to

the presence of multicollinearity.

15
4. The data for Ml, M3, and R have been obtained from

Bank of Greecefs Monthlv Statistical Bulletin, various

issues. The data for the effective exchange rate was
kindly provided from the economic research department of
the Bank of Greece. The data for Y and P are taken from

the National Acgounts of Greece, February 1989, and IME's

International Financial Statistics, various issues

respectively.

5. The rejection of a unit root in the level of real
income based on PP test is due to the presence of a
nonzero mean (2,=5.09) .

6. As Johansen and Juselius (1990) have shown, the
hypothesis H,:®=HO specifies the same restrictions on all
the cointegrating vectors.

7. Phillips and Hansen (19%90) have discussed the cases
under which fhe two approaches are asymptotically
equivalent.

8. The Phillips-Hansen {1990) methodalogy was applied by
using the econometric package written by P. Burridge of
the University of Birmingham, to whom I am tao much

obliged.
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TABLE 2
Q-Test and Lag Order of Model :

AX =dptdi AX, pF. .. +d, Ao gt Oe gt R Dt O

TABLE 1
Unit Root Tests

V/bles Dickey-Fuller Phillips-Perron

Ty 72 (Ty)

ml -0.5721(1]) -0.41
(4.74}

m3 -0.33(4] ~0.31
(4.30}

P 6.59[1] 0.52
(3.75)
~2.55(2] -5.07
(6.42)

R -0.68[2) ~-0.463
(1.77)

£ 1.138[0} 1.29
(0.23)

Aml -11.45[0} ~11.36
(4.38)

Am3 -4.15([3) -5.95
{4.32)

Ap -4.17(0) ~-8.95
(4.00)

Ay -7.30(1] -5.08
{4.50)

AR -6.08[1} -5.98
{(2.27)

Ae -6.88[0] =5 .23
(0.52)

Notes: in squared brackets denote the number of

lagged

Lagrange
correlation

dependent

variables in the
selection between zero and nonzero lags was based on the
multiplier{LM) test for
the residuals. Figures
refer to the values of the LM({4)
the entries are the wvalues of the unit root tests,
critical value of which at the 0.05 level is

T=50 (Fuller,1976, p.373).

fourth-order
in parentheses
The rest of
the
-2.93 for

statistic.

regression. The

serial

bep. V/ble: AX

Indep. Lagged Aml Ap Ay AR Ag

V/bles

AX 2 2 2 2 -

X 3 3 3 3 -

Q(21) 28.80 16.47 16.42 17.85 -
[0.12] [0.75} {6.75] [0Q.65]

A¥ 3 3 e, 3 3

X 4 4 4 4 4

Q2L 32.51 12.24 19%.85 19.32 18.59
{0.08] [0.931 [0.53] [0.57]) [(0.61}

Dep, V/ble: AX

Indep. Lagged Am3 Ap Ay AR Ag

V/bles

AX 3 3 3 3 -

X 4 4 4 4 =

0{21) 26.92 23.00 23.15 9.52 =
[0.17]1 {0.34] ([0.34] [0.98]

AX 3 3 3 3 3

X 4 4 4 4 4

(21} 24.84 i1.28 26.85 14.21 17.95

[0.25] (0.96] [0.18] [0.86] [0.65]

Notes: 0(21) denotes the Lijung-Bax (1978} g-statistic for
residuals autocorrelation at 21 degrees of frgedom.
Figures in squared brackets are the marginal significance
levels (MSLs) of Q.



TABLE 3

Cointegration Tests for the Demand for Money

Model: ml=f.p+y,v-8,R

Eigenvectors r=0 rsl rs2 r=3 r<4

Trace 56.65 31.79 11.74 2.67 -

Critical

value (0.95) 48.419 31.2568 17.844 B8.083 -

Maximal

Eigenvalue 24.86 20.05 9.07 2.a7 -

Critical

Value (0.95) 27.341 21.279 14.595 8.083 -
Model: ml=c,+B.pty.v-8.R

Eigenvectors r=0 rsl r<2 r<3 r<d

Trace 99.05 39.80 18,98 6.06 =

Critical

value {0.95) 53.347 35.068 20.168 9.094 =

Maximal

Eigenvalue 59.25 20.82 12 .92 6.06 =

Critical

Value (0.95}) 28.167 21.894 15.752 5.094 =

Model; m3=Bp+y,v-&R

Eigenvectors r=0 r<l r<2 r<3 r=4

Trace B5.26 42 .22 9.84 1.565 =

Maximal

Eigenvalue 43.04 32.38 8.29 1.55 2
Model: m3=o,+B.p+1.v-8.R

Eigenvectors r=0 rsl r<2 r<3 r<4

Trace 92.33 46.86 11.51 2.62 -

Maximal

Eigenvalue 15.47 35.35 8.239 2.62 =

MNotes: Critical wvalues are taken from Johansen

Juselius (1990,

Table A.2 and A.3).

and

TAEBLE 4

Cointegration Tests for the Demand for Money

Model: ml=B.p+y,v-8,R+L{E

Eigenvectors r=0 rsl rs2 rs3 rs4

Trace 112.24 65.51 32.16 10.97 2.08

Critical

value (0.95) 69,977 48,419 31.25e6 17.844 8.0B83

Maximal

Eigenvalue 46,73 33.35 21.19 8.89 2.08

Critical

Value (0.95) 33.262 27.341 21.279 14.595 8.083
Model: ml=o,+P pty,v-8.R+{.8

Eigenvectors r=0 r<l r<2 r=3 r54

Trace 124.48 73.75% 40 .4 19.21 3.16

Critical

value {(0.95} 69.977 53.347 35.068 20.1968 9.004

Maximal

Bigenvalue 50.71 33.35 21.19 16.05 3.16

Critical

value (0.95) 33.262 28.167 21.894 15.752 9.094

Model: m3=B,p+y,v-8R+(E

Eigenvectors r=0 r<l r<2 r<3 r<4

Trace 131.9 79.8 35.56 5.499 0.05

Maximail

Eigenvalue 52.1 44 .24 29.57 5.94 0.05
Model: mi=a,+Bp+yy-58,R+{,8

Eigenvectors r=0 r<l r<2 r<3 r<d

Trace 14G.5 88.4 39.05 4.56 2.62

Maximal

Eigenvalue 52.10 49.35 30.49 5.54 2.82

Notes: See notes to Table 3.



TABLE 5

LE-Statistics for Testing Loang Run Price and Income

Homogeneity

Model: ml=Bp+v.v-&.R

Tested

Restricticns Elgenvalues LR-test X' .. n
- (0.38 0.32 0.16 0.05) = =

Hy': Bo=1 (0.37 0.20 0.06 ) 9.88 2

Hy?  Bo=to=1 (0.32 0.06 ) 21.84 4

Model: ml=a,+Ro+y,v-8,R

Tested

Restrictions Eigenvalues LR-test X' ..o
= (0D.68 0.33 0.22 0.11 D} = =

Hyt: Be=1 {0.62 0.29 0.20 0.01 ) 11.96 2

Ho? i Bo=Yp=1 {0.61 0.27 0.01 Yy 15.08 4

Model: m3=B.ptry,y-8R

Tested

Restrictions Eigenvalues LR-test X' .o
- (0.57 0.47 0.15 0.03) = =

Hq': Bo=1 (0.51 0.25 0.03 ) 23.97 2

Ho?: Bo=Yo=1 (0.39 0.05 ) 47.43 4

Model: m3=o+Bptyv-8.R

Tested

Restrictions Eigenvalues LR-test X' ...
- {0.59 0.50 0.16 0.05 0) - -

Hyl: Bo=1 (0.56 0.25 0.06 O ) 23.97 z

Hy2: Bo=¥e=1 (0.45 0.10 0 ) 44.37 4

Notes: Figures in the last column dencte the number

degrees of freedom of X% . statistic.

TABLE 6

LR-Statistics for Testing Long Run Price and Income

Homogeneity

Model: ml=0p+y,y-8 R+{.E

Tested

Restrictions Eigenvalues LR-test X ...
& (0.60 0.48 0.34 0.16 0.04) - =

Hy' 1 Boe1 (0.50 0.38 0.23 0.11 ) 28.56 3

H,?: By=Y,=1 - (0.46 0.27 0.16 ) 45.39 6

Tested

Model: mi=¢+B,pt+yy-8,R+LiE

Restrictions Eigenvalues LR-test X' . .
- (0.63 0.48 0.34 0.27 0.06 0) =~ =

Hol:Be=1 {(0.50 D.41 0.32 0.14 0.02 ) 23.46 3

Eo?: Po=ve=1 (0.47 0.36 0.20 0,02 ) 39.27 &

Model: m3=f p+yy~8,R+(,e

Tested

Restrictions Eigenvalues LR-test X% ...,
- (0.64 0.58 0.44 0.11 0.0L) = =

Hy'tBo=1 (0.59 0.47 0.16 0.10 ) 39.78 3

Hy? 1 Bo=To=1 {(0.51 0.27 C.14 ) 56.10 &

Model: m3=o,+8,p+yv-0,R+L,e

Tested

Restrictions Eigenvalues LR-test X', i-a
= (0.64 0.62 0.45 0.11 0.05 Q) =

Hol:Bo=1 {(0.62 0.47 0.19 0.10 0.02 ) 39.78

Eq : Bo=Yo1 (0.51 0.33 0.14 0.02 ) 66.81

Neotes: See notes to Table 4.



TABLE 7
Empirical Estimates and Diagnostics of Model:

q
n=0+Pp, +¥y. -8R +LE Ax,_ v

iI=1

ml, = -4.24 + 0.76p, + 1.33y, - 0.002R, + 0.15Aml,, +
[6.91]*[{0.031* (0.22]* (0.006]  (0.17]

+3.33Aml,_, - 0.04Ap_, - 0.18Ay., + 0.02AR,,
(0.1 7] % [0.56]= [0.28]% {0.02]

?=0.9972,SEE=0.0366

X (4)=4.97, X (12)=13.11, ¥, (1} =10.05

(>.20} {>.30} [<.05}
Hool2)=0. 85, X (19 =0.21, X, {12) =11 .88, X', {11)=5. 095
{>.50} {> 50} {>. 30} {>.80}
m3, = -4.61 + 1.17p, + 1.33y. - 0.02R, ~ 0.06Am3,, +

{0.911*[0.03]1* [(0.22)* [0.005]* {0.49]

+1.36Am3, , - 1.03Ap,, ~ 0.26Ay,, + 0.02AR,,
(0.46]* {0.53] * (0.25] [0.01]*

R'=).9089, SEE=0.032

X ld) =T7.78, X (12)=15.40, X% (1) =2.97

(>.30} {>.20} {>.05}
X l2)=0.02, X, (1)=0.91, X%, (12)=12 .31, %%, (11)=7.66
[>.95) {>.30} {(>.30} {>.701

Notes: Subscripts SC,FF,N0, and HE correspond to the test
statistics for serial correlation, functicnal
misspecification, normality and heteroscedasticity
respectively. The predictive failure (PF) test conducted
over the period 1986.1-1988.3. The ARCH test refers to
autoregressive conditional heteroscedasticity. Figures in
squared hrackets are standard errorsz. Figures in braces

are M5Ls. An asterisk (*) denotes significance at the
0.05 level.

TABLE 8
Empirical Estimates and Diagnostics of Model:

q
m=CHBp +1y, ~0R e+ L Ax,  +v,
i=1

ml, = -5.90 + 0.93p, + 1.35y, - 0.12R, + 0.19g +
{0.941%(0.07)* [0.20]* (0.007] ([0.07]*

~0.07Aml,.; + 0.0%4p., - 0.01Ay,.,

[¢.15] [C.58] [0.27]
+0.03AR,._, - 0.09Ae.,
[0.01] [0.15]

*=(}.59, SEE=0.035

ZR(4)=3.35,xgc(12)=13.65,xﬂT(1)=3 49

{>.501} {>.30} {>.05}
X l2)=0.77, 2%, (1)=0.05, }FMQAIZ) 10.89, xﬁF(ll)ﬂq 74
{>.50} {>.70} [>.50} {>.90}
m3, = -6.21 + 1.30p, + 1.37y, - 0.172R, + 0.17g +

(0.90]*[0.07]* [0.13]% 1[0.007]1* [G.07]+*
-0.28Am3,; + 0.90Amd,, - 0.99Ap,, - 1.084p,,

[0.45] [0.44] [0.51] [0.47)
-0.08Ay,; + 0.50Ay., + 0.03AR,, - 0.05AR.,
(C.24] {0.24] {C.01] [G.G5]
-0.06Ag._, + 0.034e.,

[0.13] [0.13]

®=0.99, SEE=0.0286

X (4)1=5.10, X (12)=13 .37, X%, (1)=0.89

{>.20} {>.30} {>.30}
X l2)=0.65, X (1)=0.03, X%, (12)=7.16, X%, (11} =9.01
{>.70} (>.80} {>.80} {>.50}

Notes: See notes to Table 7.



TABLE 9

Phillips-Hansen Modified Estimates of Model:

M=, +Bap, Yoy —0,sRe g,

mi, = -0.72 + 0.82p, + .49y, + 0.009R,
[0.34] [0.03} [0.08] [0.007]
R? = (.99, PP{8) = -3.90

Tested Restrictions

Wald-Test

Ht: Pg=0 X (1y=1777.80C
{<.01}

Hyl: v,=0 x?(1)=36.31
(<.01}

Hy': By=0 X' (1)=1.43
{>.20}

Ho': Po=1 X (1)=37.886
{<.01}
Ho¥: Po=va=1 X*{2)=103.59
{<.01}
mi, = -0.48 + 1.27p, + 0.34y, — 0.01R,

{G.35] [0.03]

R* = 0.99, PP{8) = -3.79

.08] [(0.907]

Tested Restrictions Wald-Test
Hy': Byp=0 x1{1y=1711.7
{<.01}
Hy?: Yp=0 Xx2({1)=15.63
{<.01}
Hol: 8y=0 X (1)=2.73
{<.10}
Hy': Po=1 X {1)=79.15
{<.01}
Hp®: Po=vo=1 X7(2)=106.69
(<.01}
Notes: Figures in sguared Dbrackets are asymptotic

standard errors.

Figures in braces are M3Ls. PP(8)

denotes the PP unit root test with lag length equals to

B

TABLE 10

Phillips-Hansen Modified Estimates af Model:

m=0t;+[ p +1,y.~8,R L £y,

ml, = -2.14 + 0.97p, + 0.47y, + O.001R, + 0.19¢,

[0.86] [0.09)
R? = 0.9947, PP(B) =

Tested Restrictions

Hy': Bi=0
Hyl: y,=0
Ho': §,=0
Hy': =0
Ho': Bi=1
He': Bi=7=1

(0.07] [0.007]

-4.20
{<.05}
Wald-Test
X*{1y=124.21
{<.01}
X*(1)=40.86
(<.01}
XE{1)y=0.02
(>.80}
X1(1}y=3.31
{<.10}
X {1y=0.09
{>.70}
X?(2)=55.46
(<.01}

{0.11]

m3, = ~-2.25 + 1.47p, + 0.31ly, —~ 0.03R, + 0.23g,

(0.89) {0.09]
R? = (.9965, PP(8) =

Tested Restrictions

Hol: B,=0
Hy?: 1,=0
Ho': 8,=0
Ho': {,=0
Hy': PB,=1
Hf: PB=1=1

{0.08] {0.008]

-4.08
{<.10}
Wald-Test
X7({1)=263.41
{<.01}
x'{1)=16.85
{<.01}
XZ({1}=8.20
{<.01}
X?({1)=4.85
{<.05}
Xx*(1}=26.79
(<.011
X2(2)=97.17
(<.01}

[0.10]

Notes: See notes to Table 9.
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